Cities face rapid changes leading to increasing inequalities and emerging public health issues that require cost-effective interventions. The urban exposome framework constitutes a novel approach in tackling city-wide challenges, such as those of drinking water quality and quality of life. In this proof-of-concept study, we presented part of the urban exposome of Limassol (Cyprus) focusing on chemical and microbial drinking water quality parameters and their association with urban neighborhood indicators. A perceptions study and an urban population study was conducted. We mapped the water quality parameters and participants' opinions on city life (i.e. neighborhood life, health care and green space access) using quarters (small administrative areas) as the reference unit of the city. In an exploratory environment-wide association study analysis, we used all variables (questionnaire responses and water quality metrics) to describe correlations between them accounting, also, for self-reported health status. Overall, urban drinking-water quality using conventional indicators of chemical (disinfection byproducts-trihalomethanes) and microbial (coliforms, E. coli, and Enterococci) quality did not raise particular concerns. The general health and chronic health status of the urban participants were significantly (all >FDR corrected p value 2 of 0.1) associated with different health conditions such as hypertension and asthma, or having financial issues in access to dental care. Additionally, correlations between trihalomethanes and participant characteristics (e.g. household cleaning, drinking water habits) were documented. This proof-of-concept study showed the potential of using integrative approaches to develop urban exposomic profiles and identifying within-city differentiated environmental and health indicators. The characterization of the urban exposome of Limassol will be expanded via the inclusion of biomonitoring tools and untargeted metabolomics platforms.
Introduction
The definition of the exposome in 2005 by Dr. Wild introduced a paradigm in environmental and population health research, promoting studies that either encompass simultaneous assessment of multiple exposures of the general population or focus on specific time windows of susceptibility (i.e. pregnancy), to capture the totality of environmental/lifestyle/behavioral exposures (1) (2) (3) (4) . Defining the exposome along with the advances in methodologies for high throughput analysis in shorter time has also redefined the study paradigm in environmental health. Thus, decoding the exposome will not benefit only environmental health, but it will lead to better understanding of disease development and progress. Additionally, it fosters innovation in exposure assessment, and it allows for intra-and inter-disciplinary approaches in public health to become more widespread than they are now. Within this context, more "exposomes" have been defined to address different totalities and with different units of reference (5-7).
Cities are dynamic and complex systems that will become the future focus of public health systems, because they currently host more than half of the global population and generate >80% of the global GDP (8, 9) . Thus, cities are the main unit of reference for the urban exposome which can be seen in terms similar to the human exposome, as the totality of indicators (quantitative or qualitative) that shape up the quality of life and health of urban populations (10) . In this context, the urban exposome, defined as the continuous monitoring of urban health indicators which refer to external and internal to the city parameters, is not merely the sum of individual exposures, but places cities in the center of an urban-oriented study framework, i.e. that of the urban exposome (10) . In the urban exposome framework, the quality of life in urban centers is concurrently assessed along with other indicators, such as water quality, or prevalence/incidence of communicable and non-communicable diseases.
The value of clean water in public health is historically acknowledged at all societal levels.
As more people nowadays live in cities, easy access to safe and affordable water is becoming more important in eliminating possible within-city health and societal disparities.
Besides the technical provisions to maintain water of good quality, the uninterrupted availability of water becomes an issue due to climate change manifestations, especially in areas that are now or expected to be hit harder by extended droughts and other related meteorological phenomena. Europe, overall, is expected to face increases in both the extent of geographical areas affected by droughts and in the duration of such climatic events (11) .
Within this context, cities located in the Southeast Europe and the Mediterranean region are predicted to face challenges in maintaining ample water availability and excellent water quality in the future (11) .
The biological and societal networks in an urban setting that emerge from various aspects of climate change, water availability, water quality and population health are becoming increasingly complex to solely rely upon classical urban health approaches. Cities and their smaller areas (i.e. neighborhoods, or small areas) are warranted to address water-related issues, such as water demand, safety, security and quality issues, while tackling societal inequalities and health disparities. In this context, the concept of the urban exposome is introduced to help scientists and policy makers to better articulate the framework of the systematic spatio-temporal surveillance and monitoring of a city's heterogeneous health profile. The urban exposome is central to better understanding urban health dynamics and goes beyond the human exposome framework, which is instrumental in personal health assessment or identifying risk factors for different health outcomes in population studies.
The aim of this study was to map different indicators of the urban exposome that mostly related to drinking water and quality of life as part of a larger study that was set up a case study to present the application of the urban exposome framework in the city of Limassol, Cyprus.
Limassol is a coastal city, the biggest port of Cyprus, and it is defined as a medium-sized city (~200000 inhabitants according to the 2011 Population Census of Cyprus) (12, 13) , currently facing rapid economic development. Half of the urban population of the urban area of Limassol resides within the municipality of Limassol (~110000 inhabitants) in the center of the city. The objective of this study was to describe the water quality and aspects of quality of life following the integrative urban exposome framework in the municipality of Limassol, having quarters (small within-municipality administrative areas) as the unit of reference. This urban study was a priori designed without a hypothesis-testing, or an one exposure-one outcome approach, because of the inherent nature of the urban exposome framework that relies upon a hypothesis-generating scope, instead. Our intention was to provide a practical example and a proof-of-concept study on how the urban exposome framework could be used to study drinking water quality aspects in a dynamic urban setting of a typical mid-sized city.
Materials and Methods

Application of the urban exposome in the municipality of Limassol, Cyprus
We have previously described the urban exposome as all indicators that need to be continuously monitored for the assessment of city health (10) . The urban exposome focuses on cities and their geographic (sub)areas as the study units and it parallels the human exposome characteristics (10) . Within the framework of the urban exposome, external to the city parameters that cannot be influenced by the city itself can be either general (e.g. global trends and policy decisions) or more specific (e.g. climate change impacts, demographic changes, culture). It follows that internal parameters are those that are integral to the city, such as infrastructure, built/neighborhood environment and determinants of population health (e.g. socioeconomic factors). An exposome-based study was conducted in summer 2017 to describe the water quality aspects of the urban exposome of Limassol, following an integrative and interdisciplinary approach ( Figure 1 ). This approach included the following parts:
 A perceptions survey with a mixed-method approach, which was conducted to evaluate the perceptions of stakeholders (i.e. citizens and municipality officials) about the quality of life and certain environmental risks (e.g. drinking water chemical and microbial risks) in the city. 6  A cross-sectional urban population study with a short questionnaire and collection of tap water samples from households distributed in the quarters of the municipality of Limassol to evaluate water quality indicators and citizen's attitudes on the environment, quality of life in the city and their health status.
The comprehensive assessment of the urban exposome for the Limassol city goes beyond the scope of the present analysis that focuses on water quality and perceptions about life in the city.
7 Figure 1 Urban exposome -human exposome continuum, and the practical application of the urban exposome framework in the urban setting of Limassol city. The parts specifically discussed in the current analysis include a perceptions study and an urban populationstudy, which includes parameters measured in drinking-water to assess the water quality coupled with questionnaire responses about individual lifestyle, behavioral, and personal health indicators.
Perceptions study
The perceptions study was an urban community-based participatory research to actively engage the municipality of Limassol officers and its citizens in urban health issues which were identified as the community stakeholders (14) . The stakeholders' perceptions were assessed using a mixed methods approach. With the municipality functionaries (i.e. technical officers from the municipality of Limassol and neighboring municipalities) face-to-face interviews were conducted, and short questionnaires were administered. For the citizens' perceptions, an online anonymous questionnaire initially distributed via email among staff at the Cyprus University of Technology campus that is located in the municipality of Limassol, followed by its distribution to the general public via mailing lists and social media (Facebook). The questions asked during the face-to-face interviews and the questionnaire for 
Urban population study
A cross-sectional population study was set up in the municipality of Limassol, Cyprus. Participants were randomly recruited in summer 2017 from all quarters of the municipality following the 2011 census population distribution (Table S 1) . For this study, we also collected urine samples for biomonitoring purposes (not included in this analysis). Thus, sample size estimations were based on the assumption that a total of 120 participants randomly selected from the whole municipality would allow us to evaluate the baseline levels of environmental exposures, since according to previous biomonitoring studies a sample of at least 120 randomly selected participants is adequate to capture the 95 th percentile of the population levels (15) . In the analysis, two small in area/population size quarters with one participant were merged with neighboring ones and three quarters located along the beachfront, each having one participant were also merged together ( Figure S 1 ).
Tap water samples were collected from participating urban households and in situ measurements of free chlorine were taken during house visits. All participants were asked to fill in a questionnaire that included, among others, questions about life in their neighborhoods, self-reported health status and drinking water habits. The questionnaire was based on previous studies on urban health and the European Health Survey questionnaire (16, 17) . The study was approved by the National Bioethics
Committee of Cyprus (decision number: 2017/23).
Water sampling and analysis
The tap water faucet was externally cleaned with ethanol prior to sample collection, and the water was then left to flow freely for ~30 seconds. Tap water samples for trihalomethanes (THM) analysis were collected in falcons containing oxidation preservative mixture, while the water samples used in the microbial analysis were collected in sterile polypropylene vials. THM analysis was conducted according to the previously published methods by Charisiadis et al. (18) . All four THM species were measured in the collected tap water samples from the participating households: chloroform (TCM), bromodichloromethane (BDCM), dibromochloromethane (DBCM), and bromoform (TBM). The limits of detection (LOD) were 0.13μg/L for TCM and DBCM, while it was 0.11μg/L for BDCM and TBM.
The microbial analysis was conducted after the water was cultured onto selective media for the detection and enumeration of total coliforms, E. coli, Enterococcus spp., Pseudomonas aeruginosa, and total viable counts (TVC) at 22 °C and 37 °C. The methods used for the microbial analysis are presented in Supplementary Information Section A.
All water samples were collected from the main faucet of the household used to satisfy their potable needs and it was directly connected to the municipality's water supply. In case a point of use market filter was present, it was removed to collect unfiltered tap water; for those households (n=13) having point of use filters that were permanently connected to the faucet, tap water samples were excluded from the main statistical analysis.
Residual chlorine was measured with a portable photometer (MaxiDirect, Lovibond) in water directly collected from the tap using the DPD (N,N-diethyl-p-phenylenediamine) method. data, all indicators were mapped. However, for brevity, we present and discuss one indicator per category of the following: (i) issues on access to health care services due to delays and financial constraints, (ii) life in the neighborhood, and iii) two indicators from the category on access to green spaces to illustrate potential differences between quarters. While all the indicators presented in the results for brevity maps were prepared for the ones on which the participants had most consensus within a category.
Exploratory environment-wide association study (EWAS)
We used an exploratory environment-wide association study (EWAS) approach as part of the urban exposome framework to agnostically synthesize knowledge and concurrently investigate possible associations of the measured water quality indicators, questionnaire-based socioeconomic, lifestyle and behavioral factors, with three self-reported health status outcomes: (i) general health status, (ii) diagnosed with any chronic disease, and (iii) diagnosed with any disease in the past year ("any disease the past year", i.e. asthma, diabetes, allergies, hypertension, cardiovascular or respiratory illnesses, depression, cancer, musculoskeletal problems) (20) . The EWAS mode of analysis included a correlation matrix between all variables, followed by regressions, and a multi-omics-based approach where investigated correlations accounted for specific health outcomes. Below we describe the variables used in the EWAS and the details of the analysis.
Besides the three self-reported health outcomes, the variables included in the EWAS approach were divided in the following "blocks/groups": In all categorical variables the "I don't know/I don't want to answer" responses were recoded to missing. Then, scores were added per category (presented in Table S 2) and used in statistical analysis when categorical variables could not be used (e.g. correlations).
In the preliminary correlation analysis, all variables (including the three outcomes) were used as continuous and the Spearman correlation coefficient was calculated without any transformations. The results were visualized with a correlation plot. Then, regression models were fitted. The variable for the general health status was used as continuous in linear regression whereas responses for selfreported chronic disease and any disease the past year were used as binary variables in logistic regression. The regression models were repeated after adjusting for age and sex. The continuous predictors were scaled and centered in all regression models. The p-values of all model parameters that were used for inference (i.e. excluding the intercept for the univariable models and excluding the intercept, sex, and age coefficients from the adjusted models) were summarized and corrected for
Benjamini-Hoechberg false discovery rate (FDR). Only parameters with an FDR-corrected p-value <0.10 separately applied to the univariate (n=129 tests) and the adjusted models (n=123 tests) were considered statistically significant.
In the last part of the EWAS analysis, we followed an approach used in multi-omics studies where the variables are grouped and partial least squared discriminatory analysis (block PLS-DA) is conducted to identify possible correlations between the variables of the different blocks accounting for an outcome (21) . In this analysis, the predictor variables were used as continuous and all outcomes were used as categorical. The correlations between the predictor variables in blocks were presented in circular plots (circo plots) where positive and negative Pearson pairwise connections are shown in the circle and lines indicate the levels of each variable within each outcome category.
All analyses (regressions and block PLS-DA) were performed for the three outcomes using all the blocks/groups as predictors except for the analysis for the outcome "any disease the past year". This variable was created as the summary of the variables of block/group 6 (self-reported diseases the past year). Thus, in this analysis, the separate diseases of block/group 6 were not included due to their association with the outcome of "any disease the past year".
All analyses were conducted in R 3.5.1 with RStudio 1.1.423 (22, 23) . The data and the scripts used in the analysis can become available upon request. The packages used in the analysis are listed in
Supplementary Information (R packages used in the data analysis).
Results
Perceptions study results
In the face-to-face interviews and through the short questionnaires the importance of climate change and its effects was pointed out by all municipality technical officers (n=6). In rating the environmental concerns (1 for very low and 5 for very high concern), water quality had the lowest score with increasing order of scoring for soil contamination, waste, general chemical exposures, noise and air pollution.
Out of 134 questionnaire respondents from the general public, 91 reported living in Limassol (35% males and 65% females) with a mean age of 35 years old [range:18-77 years old]. A large majority of them (81%) was born on Cyprus, and 13% was born in another EU country, the rest (6%) were born in a non-EU country. Most of the respondents (84%) were highly educated holding at least a Bachelor's degree. Around half of them were married (46%) with children (47%).
Residents of urban Limassol were mostly concerned about being severely exposed to air pollution and noise (Table 1 ). Water quality ranked low while air pollution and noise ranked high in the severely exposed category among all environmental exposures. Approximately 30% of respondents reported that they were not exposed to water pollution or soil contamination, but at the same time an equally high proportion of respondents reported "don't know", suggesting inadequate knowledge about the drinking-water or soil quality in their city. With regards to water quality, 81% reported worrying about chemical exposures, and 41% reported they were exposed to chemicals on a daily basis. The following information from the analysis of the questionnaires answered by the residents of
Limassol also related to the use of water and concerns/behaviors: among all urban respondents, only 29% reported drinking the water straight from the tap, while 32% reported treating the water before consumption (filtering or cooking), and 39% mentioned not drinking the tap water at all. Also, among the highest in importance concerns of the citizens about tap water quality were those associated with either chemicals (47%), or microbes (37%) and much less concerned about the taste (10%).
Population study results
Background information and opinions
In total, 132 residents of the Limassol municipality answered the questionnaire and agreed to water collection from their household's main tap. The distribution of the study participants by quarter and the population can be found in Table S Most of the study participants reported being in very good or good health condition (46% and 43%, respectively). However, 21% reported having a chronic disease and 57% reported at least one of the following health conditions during the past year: asthma, cardiovascular diseases, hypertension, diabetes, liver conditions, cancer, depression, or musculoskeletal problems (Table 3) . With regards to access to health care, the main questions were about delays due to lack of transportation or long waiting lists (Table S 4 ). Lack of transportation did not seem to be a major constrain to access health care centers among those that opted to answer; however, long waiting lists were reported by 11%. In the question about financial constraints for health care access, delays in dental care were most frequently mentioned (14%). Access to urban green space was easy since most participants (64%)
reported living close to green spaces, but a total of 63% also reported that these green spaces were not well-maintained and there was a consensus not using them. A summary of the responses about health care access, lifestyle, the quality of life in the neighborhood and other urban topics can be found in Table S 4 . (Tables 4 and 5 ). The drinking-water consumption habits reported by the urban participants similarly reflected what was already observed in the perceptions study (presented earlier) where only 30% reported consuming tap water and most participants reported a preference to other sources, such as bottled water (Table 6 ). Among the participants of this part of the study, the majority reported using tap water in general, however bottled water use was noted by most respondents. The more frequently reported single drinking water source was bottled water (30%) followed by tap water (22%). A comparable proportion of the participants reported the combined use of tap water and bottled water (Table 6 ). More than half of the study partipants reporting consuming less than one glass of water per day from the tap (median number of glasses consumed from tap was 1 glass/day) ( Table 6 ). 
Mapping of urban indicators of water and quality of life
The measured water quality indicators in each household were aggregated and mapped by quarter.
For the chemical water parameters, the mapped median total THM and the brominated species (BrTHM) by quarter showed similar patterns ( Figure 2 ). As the BrTHM are a subset of the total THM, their median values by quarter were lower. The highest median THM values were observed in the quarters located between the beachfront and the northern quarter of Agia Fylaxi (near the center of the city). Mapping of free chlorine levels followed an opposite pattern to THM, i.e. higher levels of free chlorine in the seaside quarters and slightly higher in the northern quarter (being closer to the main water treatment plant). The maximum median value of total THM was 63μg/L and it was observed in the center of Limassol (quarter of Agios Georgios). In this quarter, the median free chlorine levels were below detection. The range of the median total THMs by quarter was 6-63μg/L for the small quarters in the beachfront and behind the city port and the quarter of Agios Georgios. The variability of the median free chlorine levels was smaller, ranging from below detection to 0. 
Description and mapping of access to health care services, life in the neighborhood and use of green spaces
With regards to access to health care, most participants reported having issues with two major parameters, i.e., long waiting lists and financial constraints to access dental care. From the respective maps (Figure 3) , it was evident that participants living in the quarters of Katholiki, Agia Trias, Omonoia and Agios Nektarios did not report any issues pertaining to access to health care. Whereas, other quarters such as Agios Ioannis/Arnaoutogeitonia, Agia Zoni and Agios Nikolaos were more consistently in the "mid-range" with 20% participants reporting issues for both indicators. With regards to the question about having someone in the neighborhood to ask for help in emergencies, overall, only 25/132 participants opted for the answers "I don't know" and "I disagree completely or probably".
However, responses of strong agreement ("I completely agree" vs all the other options from "I probably agree" to "I completely disagree") varied a lot across the quarters. For example, in Agios Spyridonas only 20% agreed that there is always someone to help them while in Agios Nikolaos 80%
( Figure 2 ). 
Exploring environment-wide associations within the municipality of Limassol
A correlation plot between all variables used in the EWAS analysis (listed in Table S 2) did not show any specific or unexpected patterns of correlation among the urban variables ( Figure 4 ). All THM compounds in drinking water correlated well with each other and they were negatively correlated with the free chlorine levels. Notable correlations were observed among different variables of the same block/group, besides for THM; for example, strong correlation was observed between household cleaning variables (mopping, dishwashing and bathroom cleaning) and certain health conditions, such as musculoskeletal problems (neck problems). In the regression part of the EWAS analysis, a total of 129 predictors were summarized from the simple models and 123 predictors used in the models adjusted for age and sex. These predictors include both parameters measured in water, i.e. THMs, and questionnaire responses (summarized in (Table S 5 ).
The results of the second EWAS analysis and the correlation between the variables used in the PLS-DA models were summarized in the circular plots (circo plots) of Figure 5 . Again, all three outcomes were used, however, the model for the chronic disease did not converge and thus, the plot is not presented. For the other two outcomes the associations between the variables were not the same, as expected due to the difference in the outcomes between the two models. The THM variables correlated with each other and with the cleaning activities as it was also shown in the simple correlation plots. The correlations were less in number when the outcome was "any disease the past year" compared to the correlations visualized in the circo plot of the "general health" as an outcome.
Additionally, different levels of the predictor variables were noted depending on the outcome, as it can be seen by the lines that are on the space outside the circular plot. These lines, however, were not used for interpretation due to the study's exploratory nature to avoid any misleading inferences. 25 
General health circo plot
Any disease the past year circo plot Our study did not reveal any unexpected results in terms of statistically significant associations between the variables included in this work. However, the combination of both the qualitative and quantitative parts allowed us to identify important community concerns about their urban life. Air pollution was ranked as the most significant concern among the study respondents. Besides the general interest of air pollution and its health effects, Cyprus experiences frequently dust storms (25) . These events have probably triggered a specific concern among the population making air pollution the most frequently reported environmental concern in our study.
Besides a series of limitations such as the cross-sectional design, we were able to demonstrate the use of different tools in an integrative approach which aims to capture the urban exposome of Limassol in this case, but overall can be transferred to the study of the urban exposome of any city. The same approach, for example, if applied to larger cities will allow us to scale up the application of such integrative protocols and will allow for the wider transfer of the results. Future studies should, also, incorporate a more comprehensive assessment of urban quality of life (26) . In this analysis, the indicators of quality of life were limited to life in the neighborhood or the use of green space. Additional information about social life is available from this study population and it will be incorporated in future studies.
Characterising the urban exposome profile of Limassol will include from the routinely collected data of the registries and human biomonitoring analyses. Moreover, given the "stakeholders" assessment of the environmental problems, we have moved on with air quality measurements throughout the municipality which were conducted in spring 2018.
This application shows how the goal of developing the urban exposome framework can be achieved by using all the available information in a real-time assessment of urban health and provide a tool for decision-making to stakeholders.
Urbanization, migration and other drivers of urban health are shaping the population health and quality of life in urban settings. Large scale neighborhood renewal programs are the so far initiatives to improve living conditions and quality of life in cities (27) . The urban exposome as a study framework where cities and their smaller areas are the measurable units can be useful in monitoring urban health in a holistic manner. In other studies, the urban exposome defined as the totality of environmental exposures occurring in cities (28, 29) . So far, the use of human exposome in city-based cohorts has been focused on specific exposure-effect association testing in one or multiple cohorts being pooled together (28) . However, the "urban exposome" vs. "specific health outcome/window of exposure" approach does not differ from the traditional environmental health and epidemiological study approaches and it carries the same limitations with regards to generalizability and high levels of variability among the studied populations or settings. In one of the first studies of this kind, where the urban exposome was studied with regards to its associations with pregnancy outcomes it was shown that extrapolating from multiple cities and from multiple populations comes with certain limitations which mostly pertain to the high between city variability (28).
Thus, we need to move on and develop specific urban exposome studies where city-specific characteristics and within-city interactions and networks that are evidence-based, helping authorities to reach informed decisions about everyday life in the city, about city infrastructure changes and its effects on urban health and how it affects personal exposures.
This will help the interpretation of between-city difference and will allow the timely evaluation of within-city challenges.
Our analysis did not raise any particular concerns about the quality of tap drinking water at the urban quarter scale of Limassol city using both chemical and microbial indicators. It was shown however, that residents do not trust, in general, the tap water and opt for using bottled water or water from other sources such as the "vending machine" water (groundwater from mountainous wells) which is very common practice in Cyprus. The cost of tap water is lower compared to bottled or "vending machine" water and, thus, it may pose additional burden to household budgets, as it has been shown in other studies (30) . Mapping the cost of water by quarter would probably be informative about the existence or not of differences within
Limassol in the economic burden of water consumption.
With the present proof-of-concept study we also mapped indicators of quality of life in the city including perceptions about access to green spaces, the life in the neighborhood and reasons for delay or financial constraint in access to health care. No clear disparities at the quarter level were observed for all neighborhood-based queries for the aforementioned indicators, but financial constraints for dental care were noted. Urban green space was particularly noted for being close to participants' households, however, limited use of such green spaces (e.g. parks) was reported. Both aspects of access to health care and the use of green spaces within Limassol, were studied for the first time. Our approach could form the basis for future targeted and more integrative urban studies on these topics.
In general, our first results on the application of the urban exposome are promising and in preterm birth was found to be associated with the deprivation index at the level of the neighborhood but not with the exposure to atrazine metabolites. Exposure to atrazine (measured through the metabolite 2-hydroxyatrazine) was not found to be a significant risk factor for preterm birth when accounting for the socioeconomic status of the area (31) .
Developing the health profile of a city in urban exposome terms and integrating different approaches comes with several limitations. Spatio-temporal considerations should be accounted for the dynamic nature of urban exposome profiling. Although enough to estimate the background levels of population exposures to chemicals, the relatively small sample size might have not allowed us to capture spatial differences of the indicators measured within the smaller city administrative units. Additionally, the lack of biomonitoring data on waterrelated exposures (i.e. to disinfection byproducts in urine) have hindered the full deployment of EWAS tool capabilities. However, the availability of urine biospecimen for this survey will allow us to use biomonitoring and untargeted metabolomics tools in a follow-up manuscript.
Conclusions
Developing city health profiles with the aid of the urban exposome framework is a novel approach, yet, far from being simple. It demands a comprehensive characterization of relevant indicators ranging from drinking water quality to health perceptions and opinions, etc. The urban exposome framework and its application will generate tools and datasets that will pave the way for developing the next innovative solutions and public health interventions for the city. This case study of the urban exposome in Limassol, Cyprus, demonstrates the feasibility of using novel exposome approaches in studying the city and smaller within-city 
Microbiological analysis
Total viable counts at 22 and 37 °C Enumeration of heterotrophic bacteria in water was performed by the pour plate method with yeast extract agar (YEA; Oxoid, CM0019, Basingstoke, UK) (Suthar et al. 2009 ). Briefly, 1 ml of water sample was transferred onto sterile 90-mm Petri dishes, followed by the addition of 15 ml of YEA (previously autoclaved and cooled to 45-50 °C). The contents were mixed by a combination of rapid end-to end shaking and circular movements lasting over a period of 5-10 s. The agar was then allowed to solidify, and incubation of duplicate sets of plates for 3 days at 37 and at 22 °C was practiced.
Membrane filtration analysis for E. coli, coliforms, Pseudomonas aeruginosa, and Enterococus spp.
The membrane filtration technique was applied for the detection and enumeration of E. coli, coliforms, Pseudomonas aeruginosa, and Enterococcus spp., followed by incubation onto selective media. A volume of 250 ml of the sample was filtered through a 0.45-mm, gridded, sterile membrane, and the filter was then aseptically transferred onto the appropriate agar medium in Petri dish, avoiding air bubbles beneath the membrane. For the E. coli and coliform analysis, a cromogenic medium was used (ChromoCult® Coliform Agar, Merck, Darmstadt, Germany), which was able to differentiate between E. coli and other coliform bacteria. Plates were incubated inverted at 37 °C for 24 h with red color colonies, indicating the presence of coliform bacteria, whereas the presence of blue colonies indicated the presence of E. coli (see Ouattara et al. 2011 ).
The analysis for Pseudomonas aeruginosa was performed onto Pseudomonas Agar (OXOID CM0559, plus Pseudomonas CN selective agar supplement SR0102, Basingstoke, UK). Incubation was set at 25 °C for 2 days with positive colonies of Pseudomonas aeruginosa coming up with light green color and fluoresced under UV light at 365 nm. Finally, for enumerating enterococci from the water samples, the membrane filters were incubated onto Slanetz and Bartley medium (OXOID CM0377, Basingstoke, UK) at 44 °C for 4 h and at 37 °C for 2 days. Colonies with red-brown color were enumerated as Enterococcus spp. All suspicious colonies were confirmed molecularly via 16S rRNA sequencing as previously described by Botsaris et al. (2015) .
